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INTRODUCTION
People in the Toppenish Creek Basin in south-central Washington rely exclusively on ground water derived predominantly from unconsolidated sediments for potable water. Available ground-water-quality data indicate that water from some wells in the basin contains concentrations of nitrate-nitrogen that exceed drinking water standards. There is concern that water supplies might also contain other compounds derived from agriculture, food processing, domestic wastes, and the few light industries in the basin.
In 1989, the U.S. Geological Survey (USGS), in cooperation with the Yakima Indian Nation, began a study to (1) determine the ground-water quality in the basin, (2) identify existing and potential water-quality problems, (3) relate ground-water-quality conditions to geohydrology, and (4) attempt to identify source areas and flow paths of contaminants causing current and potential water-quality problems.
The study was conducted in five phases: (1) determine water and land use, and population density and distribution in the Toppenish Creek Basin; (2) sample 500 wells and 50 surface-water sites for concentrations of nitrogen and for fecal-coliform, fecal-streptococcal, and Escherichia coli (E. coli) bacterial concentrations; (3) sample 20 wells every 6 weeks for 1 year for the same constituents as in phase 2; (4) sample 15 of the 20 wells from phase 3 twice (early spring and late summer), and 45 wells once (late summer) for common cations and anions, trace metals, and pesticides; and (5) present the results of the study in reports and public meetings.
Purpose and Scope
The purpose of this report is to present data on the concentrations of the forms of nitrogen and concentrations of indicator bacteria in ground water. Surface-water data were collected in an attempt to determine the effect of ground-water discharge on the water quality of drains and streams. The data are presented on maps, graphs, and tables. The data are from analyses of samples collected during the summer and fall of 1989, primarily from the eastern two-thirds of the basin.
Description of the Study Area
The Toppenish Creek Basin covers about 630 mi2 in south-central Washington and lies entirely within the Yakima Indian Reservation ( fig. 1 ). The basin is bounded on the north and south by Ahtanum and Toppenish Ridges, respectively; on the west by the topographic divide with the Klickitat River Basin, in the foothills of the Cascade Range; and on the east by the Yakima River. Land-surface altitudes in the basin range from about 6,000 feet in the western foothills to about 700 feet at the mouth of Toppenish Creek. The western part of the basin is mostly forest or arid range land. The eastern part of the basin is mostly irrigated agricultural land. Major crops grown in the basin include apples, pears, hops, grapes, potatoes, corn, asparagus, mint, and alfalfa. Water for irrigation comes through a system of canals from the Yakima River, to which Toppenish Creek is a tributary, and from ground water.
The Toppenish Creek Basin is the most densely populated of the four major stream basins on the Yakima Indian Reservation and is the most agriculturally developed (Fretwell, 1979) . A separate report describes the population distribution and land and water uses in the basin (Yakima Indian Nation, 1991) .
The long-term (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) average annual precipitation at Wapato, Wash., near the Yakima River in the basin, is about 6 in. (U.S. Department of Commerce, 1990) . Precipitation in the western highlands is about 50 in/yr (Pacific Northwest River Basins Committee, 1969, p. A-29) . The eastern part of the Toppenish Creek Basin exhibits a continental climate, characterized by hot, dry summers and cold, dry winters. During the summer, daytime temperatures may range from 70°F to more than 100°F. Daytime temperatures during the winter may range from below freezing to 40°-50°F (Donaldson, 1979) . Long-term mean annual temperature at Wapato was 53°F (U.S. Department of Commerce, 1990) .
Previous Investigations
Bentley and others (1980) described the stratigraphy and geologic structure of the Yakima Indian Reservation, emphasizing the Columbia River Basalt Group. Investigations of sediments and sedimentary geology in the Yakima River Basin were conducted by Rigby and Othberg (1979 ), Campbell (1983 ), and Smith (1988 .
The USGS published a technical report on the water resources of the Toppenish Creek Basin (U. S. Geological Survey, 1975) , along with a more general, non-technical version (Gregg and Laird, 1975) . Drost and Whiteman (1986) described the geologic framework for groundwater flow in the Columbia Plateau. Bolke and Skrivan (1981) and Skrivan (1987) developed and calibrated ground-water flow models to simulate the effects of ground-water withdrawals from unconfined and confined aquifers in the Toppenish Creek Basin.
The quantity and quality of irrigation-return flow to the Yakima River were studied by Sylvester and Seabloom (1962) . Van Denburgh and Santos (1965) included data from a few wells in the Toppenish Creek Basin in their summary of ground-water quality in Washington State. Data from surface and ground waters in the Toppenish Creek Basin were included by Fretwell (1979) in his evaluation of the quality of the surface and ground waters of the Yakima Indian Reservation.
Also, the Water Resources Planning Program (WRPP) of the Yakima Indian Nation studied groundwater quality in the basin (Wittman and Armstrong, 1989) .
Well-Numbering System Surface Water
The well-numbering system for the State of Washington is based on a rectangular subdivision system that identifies wells within a township, range, section, and 40-acre tract within the section ( fig. 2) . A local well number such as 11N/18E-24C01 indicates that the well is in Township 11 North, and Range 18 East, with reference to the Willamette base line and meridian. The first number following the hyphen (24) indicates the section, and the letter (C) gives the 40-acre tract within the section. The two-digit number (01) following the letter is the sequence number of the well in that 40-acre tract. Local well numbers with a "D" and a number following the sequence number indicate a deepened well. Well numbers may be shortened to the part after the hyphen (for instance, 24C01) for convenience on some illustrations.
Site Selection
Water Resources Planning Program and USGS personnel selected wells to be sampled based on well depth, lithology, and well construction information obtained from drillers' logs. The drillers' logs are filed with the State of Washington or with the Indian Health Service of the Yakima Indian Nation. Most of the drinking water in the Toppenish Creek Basin is derived from unconsolidated sediments; therefore, most of the wells selected for sampling withdraw water from this material. A few wells that withdraw water from basalt also were selected for sampling.
Sampling Techniques
A flow-through chamber was connected by nylon hose to a faucet located as close to the wellhead as possible. Instrument probes for measuring water temperature, pH, and dissolved-oxygen concentration were inserted into the chamber. Specific-conductance measurements were made on water obtained through a separate line. Samples requiring laboratory analysis were collected after the water had run for 15 to 45 minutes, and values for the above four measurements showed consistent readings for 5 minutes. If the dissolved-oxygen concentration of the water was less than 2.0 mg/L (milligrams per liter), a sample also was collected to determine total ammonia and total organic nitrogen concentrations.
Fifty surface-water sites were selected for this study. Twelve of the 50 sites had been sampled previously either during a study of surface-and ground-water quality in the basin (Fretwell, 1979) or during the Yakima Basin National Water Quality Assessment (NAWQA) study (Stuart MacKenzie, personal commun., 1989) . The remainder of the sites were new sites established for this study.
Surface-Water Site Numbering System
Surface-water sites were numbered using two systems. Sites established previously were numbered according to the USGS numbering system used to identify discharge measurement sites and surface-water-quality sampling sites. This system is comprised of an 8-digit number sequence given to each river system. Sites established during this study were assigned a 15-digit identification number consisting of latitude, longitude, and a sequence number. Each surface-water site was also assigned an arbitrary map site number from 1 to 50 to show the location of the site on plate 1. Table 1 cross-references the map site number and site name.
Site Selection
Surface-water sites in the basin were located on streams, canals, and drains that are used for irrigation. Most of the sampling sites are drains located downgradient of agricultural areas or streams located downgradient of outlets of subsurface drains. A few sites were located on streams upgradient of the agricultural areas.
Sampling Techniques
Representative surface-water samples were obtained using a depth-integrated sampling method (U.S. Geological Survey, 1982) . Samples were collected in a portable sampling device equipped with a collection bottle and nozzle that allowed water to enter at a rate proportional to the velocity of flow. Several equally spaced points across the width of the stream were selected prior to sampling, and appropriate volumes of water were collected at each point. Samples were then combined into a composite sample for subsequent chemical analysis. In 
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Figure 2.--Well numbering system used in Washington.
addition, discharge was measured at each site before samples were collected to correlate flow volumes with water-quality values.
Quality Assurance
Temperature, specific conductance, pH, and dissolved-oxygen concentration were measured in the field using appropriate instruments calibrated at least once a day. The accuracy of water analyses was assessed by collecting and analyzing a duplicate sample from about 10 percent of the ground-water and surface-water samples. The duplicate sample was collected immediately after the regular sample and was intended to represent an identical sample. Deionized water samples were collected at the same frequency as the duplicate samples. Duplicate field determinations of bacterial concentrations were performed about once every 13 sites (36 of 487 wells and 4 of 50 surface-water sites). Buffered dilution water and saline solution (used during the filtration of bacterial samples) were filtered and incubated as a check on the sterility of the solutions and as assurance that aseptic procedures were used.
DATA SUMMARY
The results of analyses of ground-water and surface-water samples are presented in tables 2 and 3, respectively. A "<" preceding the value indicates that the concentration of that constituent was less than the number following the "<". A brief description of the constituent and a summary of the results for each constituent are presented in the following sections.
Discharge
Discharge (as measured at surface-water sites) is a measure of flow in a stream and is defined as the volume of water passing a given point in a given period of time, expressed as cubic feet per second (ft3/s). The highest discharge, 343 ft3/s, was measured in Marion Drain at Indian Church Road at Granger (site 23 on plate 1). The lowest discharge, 0.13 ft3/s, was measured in a small tributary to Mill Creek at Tecumseh Road near White Swan (site 41 on plate 1).
Temperature
Temperature affects specific conductance, pH, dissolved-oxygen concentration, chemical reactions, and biological processes in water.
Ground-water temperatures in wells sampled in the Toppenish Creek Basin ranged from 11.5°C to 29.0°C (table 2 and fig. 3 ). Generally, shallow ground water has a nearly constant temperature that is close to the mean annual air temperature. Deeper ground water is usually warmer because of geothermal heat. Water temperatures were recorded at the faucet after samples were taken, when the water had run for 15 to 45 minutes. Surfacewater temperatures varied from 3.3°C in Wanity Slough at East First Street at Wapato to 15.7°C at unnamed drain at Fort Road near Harrah (sites 49 and 44, respectively, on plate 1). 
Specific Conductance
Electrical conductance, or conductivity, is the ability of a substance to conduct an electrical current; specific conductance is the conductance of a substance at a specific temperature. The specific conductance value, expressed in microsiemens per centimeter (|o,S/cm) at 25 degrees Celsius (°C), gives an indication of the concentration of dissolved minerals in the water. Dissolved minerals increase the current-carrying capacity of the water; therefore, the smaller the amount of dissolved minerals, the lower the specific conductance value; the larger the amount of dissolved minerals, the higher the specific conductance value.
Ground-water samples collected from the 487 wells show specific conductance values ranging from 104 jiS/cm to 1,120 |iS/cm (table 2 and fig. 4 ). For surface-water samples, values for specific conductance ranged from 130 [iS/cm to 1,560 ^iS/cm (table 3 and fig. 4 ).
alkaline. Water with a pH of 7 is considered to be neutral. The pH of ground water usually ranges from 6.0 to 8.5. Surface water generally ranges between 6.5 and 8.5. Temperature is an important factor in measuring the hydrogen-ion activity and must be taken into account when measuring pH.
Ground water in the study area had pH values ranging from 6.1 to 8.6 (table 2 and fig. 5 ). These values were near the range of expected pH values for ground water. Surface-water sites had a range of pH from 6.0 to 9.1 (table 3 and fig. 5 ). These values show a slightly greater range than those of the ground-water sites. The pH of water is a measure of the concentration and activity of hydrogen ions in solution, expressed in standard units. The pH value represents the negative base-10 logarithm of the hydrogen-ion activity in moles per liter. The pH value is used as an indicator of the status of the interrelated chemical reactions that consume hydrogen ions. Water with a large concentration of hydrogen ions (low pH) is considered acidic, and water with a small concentration (high pH) is considered
Dissolved Oxygen
The amount of dissolved oxygen in water, expressed in milligrams per liter (mg/L), is dependent on chemical reactions and biological processes. The solubility of oxygen in water is dependent on several factors, including the partial pressure of oxygen in the air, the temperature of the water, and the mineral content of the water. Dissolved-oxygen concentrations may be decreased by processes that consume organic matter and may increase as oxygen is given off during photosynthesis by aquatic plants.
Concentrations of oxygen in ground water are typically close to surface-water concentrations unless organic material below the land surface has oxidized. Dissolved-oxygen concentrations for ground-water sites in the study area ranged from 0.0 mg/L at 22 sites to 15.3 mg/L (table 2 and fig. 6 ). Surface-water concentrations of dissolved oxygen ranged from 3.8 mg/L to 16.2 mg/L (table 3 and fig. 6 ). 
Nitrogen
Nitrogen, in the form of nitrate (NO3), is required for growth by plants, and therefore, is a major component of fertilizers. Nitrates also are found in human and animal wastes, septic tank effluent, landfill leachate, and barnyard runoff. Nitrate from natural sources is attributed to the oxidation of nitrogen from the air by bacteria and the decomposition of organic material in the soil. In drinking water, nitrate at concentrations greater than 10 mg/L may cause methemoglobinemia in children, a condition that reduces the oxygen-carrying capacity of the blood. The water samples in this study were analyzed for nitriteplus-nitrate (NO2 + NO3). In most waters, nitrite concentrations are negligible and the combined value represents primarily nitrate. Some samples also were analyzed for two other forms of nitrogen, ammonia and ammonia-plus-organic nitrogen.
NO2 + NO3 concentrations in samples from two ground-water sites exceeded 10 mg/L. NO2 + NO3 concentrations in the remaining samples ranged from <0.1 mg/L to 9.3 mg/L. The range of values for ammoniaplus-organic nitrogen in ground water was <0.2 mg/L to 4.3 mg/L. Most of the samples were at or near the limit of detection (0.2 mg/L). At the surface-water sites sampled, NC>2 + NO3 concentrations ranged from <0.1 mg/L to 6.0 mg/L. Concentrations of ammonia-plus-organic nitrogen ranged from <0.2 mg/L to 0.6 mg/L.
Bacteria
Samples for bacterial analyses were collected at all ground-water and surface-water sites. Three types of fecal-indicator bacteria were enumerated: fecal-coliform, fecal-streptococcal, and Escherichia coli bacteria. None of the three types is normally pathogenic, but their presence may indicate the presence of pathogenic bacteria. Indicator bacteria are used instead of the pathogens themselves because pathogens usually are found in low concentrations, if at all. Also, field tests for many pathogens have not been developed yet, and drinking water standards use indicator bacteria to determine potability. Some of the bacterial counts presented in tables 2 and 3 may be preceded by the letter "K." This indicates that the number of colonies counted on the plate was outside the ideal range of the number of colonies established for that organism. The lower limit of this range is arbitrarily set at 20 colonies per plate for the three types of bacteria included in this study. Counts below this number may not be statistically valid (Britton and Greeson, 1988) . The upper limits of this range are set at 60 colonies for fecal-coliform bacteria, 100 colonies for fecal-streptococcal bacteria, and 80 colonies forE. coli. If the number of colonies exceeds these limits, interferences from crowding and inhibition of growth and reproduction due to the build-up of waste products may occur resulting in questionable results. Each bacteria type is described in the next three sections.
Fecal Coliform
The occurrence of fecal-coliform bacteria in water is regarded as an important indicator of the presence of pathogenic organisms. Human pathogens, as found in the intestinal tract of warm-blooded animals, have as their source, sewage containing human feces.
Analysis for fecal-coliform bacteria was done for all surface-and ground-water samples. Fecal-coliform bacteria were present in samples from eight ground-water sites (table 2) and in samples from all surface-water sites.
Fecal Streptococci
Fecal-streptococcal bacteria are used to indicate the sanitary quality of the water and to verify the presence of fecal-coliform bacteria. Because fecal-streptococcal bacteria are found in the intestines of non-human warmblooded animals, they are useful in detecting contamination by cattle, feedlots, or farmland. Fecal-streptococcal bacteria were found at 64 ground-water sites and at all surface-water sites.
Escherichia coli
The analysis for E. coli, a species of bacteria in the fecal-coliform group, was included in the sampling program because it has been shown that for surface waters used for recreation, it is more specific for fecal contamination and may provide a better indicator-to-pathogen ratio than fecal coliform concentrations (Freier and Hartman, 1987) . This study provided an opportunity to investigate the occurrence and distribution of E. coli in ground water in the basin. E. coli were found at seven ground-water sites and at all surface-water sites.
respective analytical technique, and small differences in concentration led lo large percent differences. Nitriteplus-nitrate nitrogen concentrations in duplicate samples from well 11N/18E-22D01 were 7.8 mg/L and 1.8 mg/L, leading to uncertainty of the actual concentration in this well. Duplicate samples in two wells showed large differences in concentrations of ammonia-plus-organic nitrogen. A sample from well 10N/18E-02Q01 had a concentration of 4.3 mg/L, and the duplicate sample had a concentration of <0.2 mg/L. At well 10N/18E-04C02, the concentrations were 0.3 mg/L and 1.9 mg/L. These differences may be due to sampling or analytical errors because there was no difference between samples for nitrite-plus-nitrate nitrogen concentrations for these same two wells.
There was almost no difference in bacterial concentrations between the initial and duplicate samples of ground water. Duplicate surface-water samples exhibited larger concentrations and larger differences than did ground-water samples. Because of the greater exposure of surface waters to possible sources of bacteria and the greater velocity of surface water relative to ground water, larger concentrations and greater variability were expected.
Blanks were prepared from deionized water obtained from the USGS Field Services Unit in Tacoma. Results of the analyses of the blank samples are presented in table 5. Nitrite-plus-nitrate nitrogen was detected in 1 out of 48 blanks and ammonia-plus-organic nitrogen was detected in 3 out of 10 blanks. The concentrations were near the detection limit of the respective analyses, indicating that the sampling procedures and the analytical methods did not significantly affect the results. All blanks analyzed for bacteria showed no growth.
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